Background. The evidence supporting the use of vignettes to study physician decision making comes primarily from the study of low-risk decisions and the demonstration of good agreement at the group level between vignettes and actual practice. The validity of using vignettes to predict decision making in more complex, high-risk contexts and at the individual level remains unknown. Methods. We had previously developed a vignette-based instrument to study physician decision making in trauma triage. Here, we measured the retest reliability, internal consistency, known-groups performance, and criterion validity of the instrument. Thirty-two emergency physicians, recruited at a national academic meeting, participated in reliability testing. Twenty-eight trauma surgeons, recruited using personal contacts, participated in known-groups testing. Twenty-eight emergency physicians, recruited from physicians working at hospitals for which we had access to medical records, participated in criterion validity testing. We measured rates of undertriage (the proportion of
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Conclusions. The instrument developed to assess trauma triage decision making performed reliably and detected known group differences. However, it did not predict individual physician performance. Key words: survey methods; psychometric/scaling; performance measures. (Med Decis Making 2014; 34:242-252) M ore than 1000 papers in the past decade have used case vignettes to study physician decision making. Researchers have used vignettes to explore variation in care, 1 analyze cognitive biases, 2 and assess the effectiveness of quality improvement interventions. 3 Vignettes offer significant advantages in studying decision making, including low cost and ease of use. Moreover, they may allow quantification of physician performance in ways that avoid the limitations of other quality metrics, such as case-adjusted outcomes. 4, 5 The best evidence supporting the validity of vignettes comes from studies of physician behavior in outpatient family practice clinics, in eye clinics, and in hospitals when prescribing antibiotics-all assessed common, low-risk conditions. [6] [7] [8] In these contexts, physicians' responses to case vignettes correlate with their decisions regarding actual clinical encounters at the group level. Such correlations prompted many investigators to use case vignettes as a convenient proxy for real-world decision making, offering an efficient strategy to study factors influencing physician performance. 4, 9 However, it is unclear if the associations observed between vignette-based and real-world performance can be generalized to medical decisions in more complex, uncertain, and time-pressured environments such as trauma triage or treatment of hemorrhagic shock. External factors, such as time pressure and cognitive load, may play a more significant role in these encounters than in the low-acuity, high base rate conditions studied previously, where physicians may be better able to focus on details like those described in vignettes. Moreover, even in these settings, the evidence involves group-level correlations, with little evidence that vignettes predict the decision making of individual physicians.
Trauma triage is an archetype of medical decisions that must be made under conditions of uncertainty, time pressure, and affective and cognitive load. When a trauma patient arrives at a regional emergency department, the physician must evaluate the patient's condition, stabilize the patient, and then quickly transfer those with serious injuries to a Level I trauma center. Well-established clinical practice guidelines for trauma triage provide clear rules for transfer, which have been taught to nearly all emergency department (ED) physicians (e.g., multiple rib fractures should prompt immediate transfer to a Level I trauma center). 10 Nonetheless, rates of undertriage (the proportion of patients who are not transferred to a trauma center despite having moderate to severe injuries) and overtriage (the proportion of patients who are transferred to a trauma center, despite having only minor injuries) remain alarmingly high (70% and 50%, respectively) 11, 12 and contribute to significant patient morbidity and mortality. 13 Four decades of quality improvement interventions by federal, state, and professional organizations have failed to shift these rates significantly. 14, 15 Efforts to understand noncompliance with clinical practice guidelines have concentrated on patient-, hospital-, and regional-level determinants of variation. [14] [15] [16] [17] A better understanding of triage decision making by physicians is, therefore, essential for quality improvement in trauma triage. We had previously developed a vignette-based instrument to study physician decision making in trauma triage. 16 In the 3 studies described below, we evaluated the reliability and validity of this instrument, using classic psychometric analyses and signal detection theory. The University of Pittsburgh Institutional Review Board approved this project.
STUDY 1
The first study in the series evaluated the test-retest and internal-consistency reliability of a vignette-based, trauma-triage instrument.
Methods

Participants
ED physicians were recruited at the national meeting of the American College of Emergency Physicians (ACEP) and were eligible to participate if they had completed residency and cared for adult ED patients at a nontrauma center or a Level III/IV trauma center in the United States. One hundred sixty-eight physicians completed the vignette instrument during the first assessment, the results of which are reported in an earlier article. 16 Of these 168, a random sample of 50 were contacted 1 year later to complete the instrument again, with 32 (64%) doing so. We expected a high correlation (.0.5) between time 1 and time 2 performance and calculated that power would reach 0.80 with a sample of 28 participants (a = 0.05). 17 Among the 32 participants, the mean (SD) age was 43 (8.7) years, with a mean (SD) of 12 (8.9) years postresidency; 94% were board certified in emergency medicine, and 63% were certified in advanced trauma life support (ATLS). There were no significant differences between the physicians in the reliability testing and the original study on these 4 variables.
Trauma Triage Assessment Instrument
Using the American College of Surgeons Committee on Trauma (ACS-COT) guidelines for the transfer of trauma patients as our reference standard (see Appendix), we constructed 50 case vignettes, 30 of which described trauma patients. 16 All were based on case histories of individual patients admitted to the University of Pittsburgh Medical Center-Presbyterian Hospital trauma service. Each vignette included all the information that a physician would ordinarily obtain from a history, physical examination, and chest and pelvis x-ray, including all the information the ACS-COT considers necessary to triage the patient. 18 We presented the information in the format of a completed trauma care flow sheet ( Figures  1 and 2 ). By design, half of the trauma vignettes met ACS-COT criteria for transfer (mean Injury Severity Score [ISS], 21; range, 9-48) and half did not (mean ISS, 2.5; range, 1-4). Independent review by 3 trauma surgeons confirmed the transfer categories (k = 0.85). We systematically varied the complexity of the cases to encompass the range of possible triage decisions. The vignette set was constructed to ensure that age, sex, and mechanism of injury were uncorrelated to injury severity or need for transfer.
After studying each vignette's care flow sheet, respondents used a free-response text box to answer the question, ''What would you do to manage the patient?'' They were prompted to include information about treatment, interventions, and disposition. Text response dispositions were scored as compliant or noncompliant with ACS-COT guidelines. 10 Each respondent's undertriage rate was calculated as the proportion of vignettes describing cases that meet ACS-COT guidelines for transfer that the respondent failed to transfer (number of patients with moderate to severe injuries not transferred/total number of patients with moderate to severe injuries). Each respondent's overtriage rate was calculated as the proportion of cases that the respondent chose to transfer that had minor injuries only (number of patients with minor injuries transferred/total number of patients transferred). 10 
Procedure and design
Participating physicians accessed the Trauma Triage Assessment Instrument (TTAI) via a secure website at their convenience. After completing informed consent procedures, they responded to a brief set of demographic questions and then read and responded to all TTAI case vignettes. All procedures for the second assessment, 1 year after the first, were identical, and physicians received a $100 for participating.
They received no feedback on their performance at either assessment.
We measured test-retest reliability by comparing individual physicians' triage decisions on the 2 administrations of the instrument using the k statistic 19 and estimated the internal reliability of the 2 types of cases on the second administration using the Kuder-Richardson (KR-20) coefficient. 20 
Results
There was moderate agreement between physicians' transfer decisions (k = 0.42, P \ 0.01) on the first and second administration of the instrument. Internal consistency reliability was acceptable among cases that met ACS-COT criteria for transfer (KR-20 = 0.91) and among cases that did not require transfer (KR-20 = 0.71).
Discussion
The TTAI demonstrated acceptable reliability. It consistently measured individual differences in accuracy across time with physicians' choices at the second administration significantly associated with their performance a year prior. Moreover, the internal consistency of the instrument was good, with physicians' selecting similar dispositions for similar cases.
Of course, reliability is a necessary but not sufficient condition for the validity of an instrument. Our assessment of validity began with a knowngroups analysis, comparing the performance of trauma surgeons (a new sample) with that of the ED physicians recruited for study 1. Trauma surgeons have extensive training and experience recognizing and treating subtle distinctions across trauma cases. They see such cases regularly, unlike ED physicians, who may see only 1 to 4 trauma patients with moderate to severe injuries in a given year. 21 Given these differences in training and experience, a valid instrument of trauma triage decision making should reveal superior performance among trauma surgeons. Study 2 examines this hypothesis.
STUDY 2
Methods
Participants
The ED physicians described in study 1 were compared with trauma surgeons in a new sample. We recruited trauma surgeons using personal contacts and snowball sampling. Eligible surgeons had completed general surgery residency and cared primarily for trauma patients. Among the 32 trauma surgeons whom we contacted, 28 (88%) completed the instrument. Our power analysis required 26 physicians in each group to detect the expected large effect size difference in performance between the 2 groups (a = .05, b = 0.80). 17 Among the trauma surgeons who participated, mean (SD) age was 44 (6.9) years, with a mean (SD) of 11 (7.0) years postresidency. All surgeons worked primarily at Level I trauma centers; 26 (93%) were certified ATLS instructors.
Procedure and design
Trauma surgeons accessed and completed the TTAI following the procedure in study 1. They were instructed to respond to the instrument as if they were ED physicians working at a nontrauma center.
We evaluated the sensitivity of the instrument to known-group differences by comparing the underand overtriage rates of ED physicians who participated in the first study with that the of trauma surgeons using Wilcoxon Mann-Whitney tests, expecting the latter to follow ACS-COT guidelines more consistently. 
Results
On average, trauma surgeons undertriaged fewer cases with moderate to severe injuries (13%) than did ED physicians (70%; z = 2.92, P \ .01). However, their rate of overtriage (29%) did not differ significantly from that of the ED physicians (26%; z = 20.7, P = 0.48).
In post hoc analyses, we noted that 5 trauma surgeons failed to transfer any patients. We suspected that these surgeons may not have noted the instruction to behave as an ED physician (thus requiring disposition decisions) and conducted a sensitivity analysis that excluded these 5 participants. As would be expected, excluding participants with high undertriage rates pushed the undertriage rate among trauma surgeons (7%) even lower relative to ED physicians (70%; z = 4.7, P \ 0.01) but, notably, left overtriage rates unchanged (29% v. 26%; z = 20.01, P = 0.81) (Figure 3 ).
Discussion
The known-groups test supports the validity of the TTAI, corroborating the observation that vignettes can detect group-level differences in decision making. 6 Using our vignettes, trauma surgeons, with extensive training and experience in the variability of patient presentations after injury, adhered more closely to the ACS-COT guidelines than did ED physicians, with less training and experience. That difference emerged in rates of undertriage. The ED physicians transferred many fewer of the patients with moderate to severe injuries. The extent to which undertriage reflects ED physicians' inability to distinguish such cases or more conservative decision rules for transfer is addressed by the signal detection analysis performed in the final study.
We designed the TTAI to be a simple, efficient measure of physicians' triage decisions in their normal work environments. The first 2 studies provided evidence of its reliability and known-groups validity. The third study examined whether the instrument did in fact predict actual performance. Although we anticipated that triage in emergency departments would be influenced by a variety of external factors such as time pressure, cognitive load, an institutional norms, we hypothesized that the characteristics of the patient injury would be the most salient factor guiding disposition. In other words, injury characteristics would explain a substantial portion of the variance in physicians' trauma triage decisions. As noted, the TTAI vignettes included complete descriptions of injury characteristics, presented in the same format as used in emergency departments. To test this hypothesis, we compared performance on the TTAI with physician's under-and overtriage rates calculated via record review.
STUDY 3
Methods
Participants
We recruited a new sample of ED physicians from nontrauma centers run by a large health care system in western Pennsylvania for which we had electronic access to billing and clinical data. Physicians were eligible for participation if they had completed residency and worked at these nontrauma centers between 2007 and 2010. Among the 50 ED physicians working at nontrauma centers for which we had access to medical records, 28 (56%) agreed to participate and completed the instrument. We estimated that a sample of 28 physicians was required to detect a large correlation (effect size = 0.5) between performance in response to the TTAI and in practice (a = .05, b = 0.80). 17 The ED physicians who participated had a mean (SD) age of 47 (8.8) years; they had completed residency a mean (SD) 16 (9.8) years previously. Many (71%) were board certified in emergency medicine; 68% were ATLS certified.
Procedure and design
Participants accessed and completed the TTAI as described in study 1. Each physician's home ED trauma triage decisions were assessed via an extensive chart review.
Chart review
We obtained de-identified medical records for patients managed by study participants between 2007 and 2010 and collected International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes; demographics; and discharge disposition status from the discharge abstract and radiological procedures from radiology reports. We identified adult patients with a primary ICD-9-CM code between 800 and 959. We excluded patients seen for late effects of injuries (ICD-9-CM codes 905-909), foreign bodies (ICD-9-CM codes 930-940), burns (ICD-9-CM codes 940-950), or minor injuries, including isolated strains/sprains (ICD-9-CM codes 840-849), superficial injuries (ICD-9-CM codes 910-919), and contusions (ICD-9-CM 920-924). The ACS-COT classifies patients as having a moderate to severe injury if they have an ISS .15 or a ''life-threatening/critical injury'' (see Appendix). We used a validated computer program to translate ICD-9-CM diagnostic codes into the ISS. 12, 22 We identified patients with ''life-threatening'' or ''critical'' injuries with an algorithm that we created based on ICD-9-CM codes and that had strong agreement with 1 trauma surgeon's chart review (k = 0.8). We dichotomously scored disposition as compliant or noncompliant with ACS-COT guidelines, based on injury severity and whether the patient received a computed tomography (CT) scan in the ED. 10, 18 Disposition codes were collapsed across all trauma patients cared for by a given physician to calculate each physician's rate of undertriage (proportion of patients with moderate to severe injuries not transferred to trauma centers) and overtriage (proportion of transferred patients with minor injuries only). 5 Standard signal detection theory measures were calculated using the same data.
Analytic strategy
We compared group rates of under-and overtriage on the instrument and in practice using Wilcoxon signed rank tests. We used the Spearman correlation coefficient to assess the individual-level relationship between triage decisions on the TTAI and in practice.
We also used signal detection theory (SDT) to characterize these decisions further. SDT parses decision making into 2 separate processes: discrimination between states of the world and the application of a decision rule or threshold. 23, 24 In the context of trauma triage, the SDT measure of discrimination quantifies a physician's perceptual ability to distinguish between patients with minor injuries and with moderate to severe ones. In our analysis, zero indicates no ability to distinguish between the 2 groups of patients; higher values indicate greater ability. The SDT measure of decisional threshold values quantifies a physician's tendency to err on the side of under-or overtriage. In our analysis, zero indicates equilibrium, with false positives (overtriage) treated as being as bad as false negatives (undertriage). Negative values indicate greater tolerance for false positives (hence overtriage); positive values indicate greater tolerance for false negatives (hence undertriage). The small number of vignettes included in the TTAI precluded traditional SDT parameter estimation techniques. Therefore, we used a regression-based approach to estimate these measures for each participant. We fit a model for each physician, predicting the log-odds of his or her disposition decisions (dependent variable) using an intercept and a regression weight on the ACS-COT guidelines for transfer (independent variable). The model's intercept predicts disposition decisions in the absence of any information and hence provides an estimate for the decisional threshold. The regression weight on the ACS-COT guideline variable represents perceptual sensitivity, showing the degree of reliance on guidelines (implicitly or explicitly) when making disposition decisions. We scaled our estimates by 1.8 to approximate the standard deviation units of signal detection values. 16, 25 
Results
In response to the TTAI case vignettes, physicians in study 3e transferred a median of 10 (interquartile range [IQR], 5-13) of 15 patients with moderate to severe injuries and a median of 4 (IQR, 2-8) of 15 patients with minor injuries. One physician did not transfer any patients. The median undertriage rate was 33% (IQR, 13%-67%). The median overtriage rate was 33% (IQR, 22%-50%).
In their home ED practices, these physicians evaluated a median of 2423 patients (IQR, 1637-3030) per year during the 4-year study period, including 148 (IQR, 92-246) trauma patients meeting our inclusion criteria. These ED physicians saw a median of 3 patients (IQR, 1-4) with moderate to severe injuries each year and transferred a median of 9 patients (IQR, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . All failed to transfer the vast majority of their patients with moderate to severe injuries (undertriage rate IQR, 90%-100%). Their overtriage rates-the proportion of patients who were transferred to a Level I trauma center with only minor injuries-was also very high (IQR, 94%-100%).
These physicians had much lower rates of undertriage on the vignettes than in their practices (medians: 33% v. 100%, z = 24.2, P\0.01) and lower median rates of overtriage (medians: 33% v. 100%, z = 24.3, P \ 0.01).
Among physicians who saw at least 1 patient with moderate to severe injuries, their trauma triage performance as measured by the TTAI and in their actual practices was unrelated (undertriage rate: r = 20.17, P = 0.4; overtriage rate: r = 20.03, P = 0.85) ( Figure 4 ).
Signal detection analysis
Adherence to the guidelines on 69% of both minor and moderate to severe cases would produce a discrimination estimate of 1. The mean discrimination estimate was a mean (SD) of 0.97 (1.2) in response to TTAI vignettes and 0.70 (1.0) for physicians' performance in practice (see Gomez and others 16 for procedure). Therefore, physicians demonstrated moderate ability to discriminate between minor and moderate to severe injuries, which did not vary between the instrument and real life (z = 21.0, P = 0.3).
The mean (SD) decisional threshold estimate was 0.72 (1.2) on the TTAI and 2.07 (0.6) in practice. Both values indicated a tendency to err on the side of false negatives (failing to transfer patients with moderate to severe injuries), which was significantly greater in practice than in response to case vignettes (z = 23.8, P\.01) ( Figure 5 ). Across these physicians, there was no correlation in perceptual discrimination scores on the TTAI and in practice (r = 20.2, P = 0.3), nor was there any correlation between decisional threshold scores (r = 20.1, P = 0.71).
Discussion
The TTAI showed both good reliability and known-groups validity. Nonetheless, it did not predict individual physicians' decision making, a high standard for assessing the validity of an instrument-but often the one implicitly assumed to be met by studies relying on vignettes. Physicians' decisionmaking performance on the TTAI case vignettes was unrelated to their performance in practice. For example, as shown in Figure 4 , physician 151 performed almost perfectly on the TTAI, correctly triaging 14 of the 15 case vignette patients with moderate to severe injuries. However, that physician transferred zero (of 18 patients) with moderate to severe injuries treated in actual practice. What might explain this discrepancy?
Researchers in the traditions of Egon Brunswik and E. C. Poulton have argued that the external validity of experiments studying psychological processes depends on how well its stimuli represent those of the world to which results are generalized. [26] [27] [28] [29] When creating the TTAI, we recognized that the task presented by the ''paper cases'' would differ from actual clinical situations in 3 important ways. First, the vignettes provided unusually good conditions for evaluating clinical evidence, summarizing all relevant information (and only relevant information), in a standard synoptic format, with unlimited Physicians perceive injuries on a continuum ranging from very minor injury to severe injury. Discrimination can be thought of as the standardized distance between the means of the 2 distributions. It reflects the ease with which a physician perceives the distinction between the 2 categories. The decisional threshold is the point on the continuum above which physicians transfer patients. It reflects the types of errors the physicians tolerate. Physicians demonstrated lower decisional thresholds for the transfer of patients on the vignettes than in practice (0.72 v. 2.07, P \ 0.01). time to respond, and no competing demands. Studies finding external validity for vignette-based instruments have focused on tasks where clinical practice may approximate these conditions (e.g., common, low-acuity clinical situations, such as low back pain). [2] [3] [4] However, in trauma triage, as in other acute-care decisions, physicians must rapidly assemble and integrate the relevant clinical information, while discarding irrelevant evidence, under the time pressure and cognitive load imposed by other patients and competing responsibilities. Second, as with many other vignette studies, we included a disproportionate number of true-positive cases (i.e., patients with moderate to severe injuries), relative to actual practice, so as to be able to assess undertriage rates with a reasonably sized test set. 6, 9 As a result, the rate of injuries requiring transfer in the TTAI was much higher than in actual practice (0.5 v. 0.001). 21 Realizing that, our physician respondents might have been primed to pick up information that they might miss in their more mundane, normal practices. 30 Third, we could not replicate the incentives and environmental influences of actual practice, such as distance to a trauma center, institutional norms about adherence to guidelines, or the influence of social networks. [31] [32] [33] We conducted a signal detection analysis to clarify which of the task properties described above might have driven differences between performance on the vignettes and in practice. Developed to improve the performance of radar operators in World War II, signal detection theory parses decisions into 2 dimensions: perceptual and decisional. 23, 24 Perceptual factors influence individuals' ability to distinguish between groups (called discrimination). Decisional factors shape individuals' willingness to tolerate different kinds of errors (determining their decisional threshold). Factors that make a task harder (e.g., time pressure, irrelevant information, interruptions) should affect discrimination. 34, 35 Factors that affect incentives (e.g., payment schemes, social pressure) should affect decisional thresholds. In theory, if variation occurred primarily because of task properties affecting either the perceptual or decisional dimension of decision making, we could expect to see a correlation in performance along the other dimension.
At the group level, we found physicians had different decision thresholds in the 2 settings rather than different discrimination ability. As shown in Figure  5 , relative to vignette performance, in real life physicians had a much lower tolerance for transferring patients with minor injuries, explaining differences between rates of under-and overtriage seen on the vignettes and in practice. However, at the individual level, no correlation existed between performance on the instrument and performance in practice either for their discrimination or their threshold scores.
The lack of correlation between the performance of physicians on the instrument and in real life affirms the claim (of Brunswik, Poulton, and others) that experimental results cannot be extrapolated to a real-world setting unless the conditions match one another on key properties. 36, 37 In designing the instrument, we assumed (as have others using vignettes to study physician practice patterns) that decision making would primarily reflect physicians' interpretation of the available clinical information. However, our results suggest that nonclinical elements of the task (e.g., cognitive load, institutional norms) may swamp the effect of the clinical cues. The TTAI was sensitive to differences between the performance of trauma surgeons and ED physicians. As a result, it might have potential for evaluating the knowledge that ED physicians acquire through their experience and training. However, we would need to modify the instrument to accomplish the original objective of understanding physician decision making in practice. Potential strategies would include changing the types of vignettes from ''paper cases'' to simulated patients or more interactive scenarios that incorporate important contextual factors, such as time pressure and uncertainty.
We note the following potential limitations to our studies. First, the sample sizes for all 3 studies allowed us to detect only large effect sizes (r = 0.5). We believed that an instrument that predicted actual practice any less robustly would lack clinical significance. Second, we measured reliability by comparing responses made after a 1-year interval. That time period reduced the chance of participants remembering their initial response, while increasing the chances that their decision-making strategies changed between administrations. 38 Third, the small number of patients with moderate to severe injuries and patients transferred by each physician reduced the precision of our evaluation of performance. Small case loads have typically hampered the use of administrative data as a measure of physician quality. 5 Nonetheless, no good surrogate exists to evaluate actual performance in the emergency setting. Along the same lines, we grouped all injuries in 2 large classes, potentially missing better correspondence among subclasses. As it took 4 years of records to produce these samples, any subclass analysis would require a very large database. 5 In conclusion, we found that although the TTAI performed reliably and detected known group differences, it did not predict individual physician practice patterns in trauma triage. We believe that our observations provide a cautionary tale against assuming that performance on all vignettes will predict actual decision making. Researchers interested in using vignettes must carefully consider how contextual factors might influence performance. Future improvements in the representativeness of our case vignettes using dynamic simulation to capture environmental factors may improve the validity of the TTAI.
